To explore the efficacy of antibiotic prophylaxis and the different strategies used to prevent infection in ureteroscopic lithotripsy (URL) by conducting a systematic review and meta-analysis.
Introduction
In recent decades, new techniques have been developed for the treatment of urological stones, including ureteroscopic lithotripsy (URL), percutaneous nephrolithotomy, extracorporeal shockwave lithotripsy and open surgery, if necessary [1] . URL is minimally invasive and has been shown to be effective for the majority of urological stones after URL devices had rapidly progressed. According to European Association of Urology (EAU) and AUA guidelines, URL could be performed on any active stones without obvious contradictions such as severe systemic diseases or uncontrolled urinary infection [2, 3] , regardless of stone size or location (except for stones <1 cm in size located in the lumber ureter [4] ). The advent of URL has led to high stone-free rates and has benefited many patients harbouring urinary stones.
Complications, including ureteric perforation, ureteric stricture, postoperative urethral discomfort and UTI, can occur after URL [5, 6] . Bacteria can potentially be introduced both by instruments inserted into the urinary tract and by broken stones [7] , causing subsequent UTI that may lead to pain and an economic burden on patients [8] . Stone composition has been shown to have an impact on the occurrence of infections; for example, Brushite-or uratecontaining stones and infection stones are risk factors. Systematic diseases including hyperparathyroidism, metabolic syndrome and gastrointestinal diseases, some specific genetic types and environmental factors may also contribute to UTIs [9] [10] [11] [12] . Apart from infection, complications attributable to inflammation can further impair patients' health and make treatment more challenging, for example, pyelonephritis, prostatitis, epididymitis and urosepsis [13, 14] . It is therefore necessary to take steps to prevent infection even in patients with a negative urine culture before the URL.
The use of antibiotic prophylaxis in URL has been reported in several studies. Although results remain controversial, a 25% higher risk of infection has been reported when no prophylactic antibiotics were administered [15] . AUA guidelines recommend a single dose of antibiotics, covering both positive and negative uropathogens, in all patients undergoing URL [3] ; however, EAU guidelines state that there is no clear-cut evidence to support the use of prophylactic antibiotics for the prevention of infection after URL [2] . Well-designed, large-scale randomized controlled trials (RCTs) are lacking in this area, and outcome measures vary among existing studies [16] . A meta-analysis published in 2015 concentrated on a single dose of prophylactic antibiotics in patients undergoing URL, and achieved negative results despite the AUA guidelines [17] . Similarly, Aghamir et al. [18] reported that not using antibiotic prophylaxis did not increase the risk of fUTI when applying strict sterility principles. Single-dose therapy appeared to be more costeffective and safer than a combined strategy [19] ; however, its efficacy was still unclear based on existing evidence. Because no standard method of prophylaxis exists, the abuse and misuse of antibiotics could result in adverse side effects rather than benefit for patients, such as allergic reaction, drug resistance and even secondary infection attributable to saprophytic flora destruction [20] . We therefore decided to conduct a systematic review and meta-analysis of the efficacy of antibiotic prophylaxis in URL, and to research in detail the strategies for administering such drugs.
Materials and Methods

Search Strategy
A systematic literature search using the Pubmed, Embase, Medline, Cochrane Library, and the Chinese CBM, CNKI and VIP databases was performed to identify comparative studies exploring the efficacy of different antibiotic prophylaxis strategies used to prevent infections after URL. The search terms used were: 'antibiotic', 'antimicrobial' or 'antibacterial' in combination with 'ureteroscope', 'ureteroscopy', 'ureteroscopic', 'ureterorenoscopic', 'ureterolithotripsy' or 'endoscopic'. No language restrictions were applied. The reference lists of relevant studies were also checked to identify potential records. The last search was conducted on 25 June 2017.
Inclusion and Exclusion Criteria
Comparative studies investigating the efficacy of different antibiotic prophylaxis strategies in URL to prevent postoperative infections and providing detailed data were included in the present review. Accordingly, studies including patients with preoperative UTI and/or positive urine culture were excluded. Abstracts, case reports, conference proceedings, reviews, animal experiments or repeated publications were also excluded from the analysis. The search and selection of relevant studies, quality assessment and data extraction were performed by two reviewers independently. Discrepancies were resolved through open discussion.
Study Quality Assessment and Data Extraction
The GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach was applied to assess the level of evidence of all eligible studies [21] . Furthermore, the quality of included RCTs was also evaluated through the Cochrane Collaboration Risk of Bias tool [22] , and the Newcastle-Ottawa scale was used to assess the quality of nonrandomized controlled studies [23] .
Data from each included study was extracted including study country, population, institution and period, research methodology, ureteroscope type, lithotripsy method, stone location, characteristics of participants, antibiotic prophylaxis strategies in different groups, and related postoperative infection outcomes (postoperative febrile UTI [fUTI], fever, pyuria and bacteriuria).
Data synthesis and Statistical Analysis
The efficacy of different antibiotic prophylaxis strategies in preventing postoperative infections was compared among patients without preoperative infections undergoing URL. The endpoint of the present study, therefore, was postoperative infection, including postoperative fUTIs, fever, pyuria and bacteriuria. A postoperative fUTI was defined as a body temperature >38°C with pyuria or significant bacteriuria ≤7 days after surgery. Postoperative fever was defined as at least one episode of body temperature >38°C after the operation. Pyuria was defined as >10 white blood cells/high power field, and significant bacteriuria was defined as >10 In the meta-analysis, summarized unadjusted odds ratios (ORs) with 95% CIs were calculated to assess the efficacy of different antibiotic prophylaxis strategies in URL for preventing postoperative infections. Subgroup analyses were conducted according to dose of prophylactic antibiotics, study design and ethnicity of participants. All statistical analyses were conducted using REVMAN (version 5.3; Cochrane Collaboration, Oxford, UK) software. The chi-squared testbased Q-and I 2 -statistic was used to test statistical heterogeneity among included studies [24] . If no heterogeneity existed with a P value >0.10, the fixed-effect model was used. Otherwise, the random-effect model was applied. All results in this meta-analysis were considered statistically significant at a two-sided P value <0.05. Publication bias in the eligible studies was assessed using inverted funnel plot visual inspection.
Results
Eligible Studies and Characteristics
A total of 11 studies [18, 19, [25] [26] [27] [28] [29] [30] [31] [32] [33] in a total of 4 591 patients were included in this systematic review and meta-analysis (Fig. 1) . The baseline characteristics of the eligible studies are shown in Table 1 . Five of the studies were RCTs [18, [25] [26] [27] [28] , one was a prospective comparative study [29] , and the remaining five were retrospective comparative studies [19, [30] [31] [32] [33] . Three of the studies [26, 28, 30] were conducted in Europe, three [19, 25, 31] in North America, four [18, 27, 32, 33] in Asia, and one [29] was a multi-country study. The ureteroscopes used in these studies included semi-rigid and/or flexible ureteroscopes, and the locations of the urinary stones were the ureter and/or kidney.
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Incomplete data (n = 1) Detailed characteristics of the groups compared in each study are shown in Table 2 [18, 19, [25] [26] [27] [28] [29] [30] [31] [32] [33] . Seven of the 11 included studies [18, [26] [27] [28] [29] [30] 32] , including 4 158 patients, compared postoperative infections between patients with and without antibiotic prophylaxis use in URL. Six studies [19, 25, 27, [31] [32] [33] focused on comparisons of postoperative infections among patients in whom different antibiotic prophylaxis strategies were used. In all the included studies, a total of 2 700 patients received antibiotic prophylaxis in URL, while 1 891 patients were included in groups in which no prophylactic antibiotics were used.
Quality Assessment of Included Studies
The level of evidence of all 11 studies is shown in Table 1 . The five RCTs [18, [25] [26] [27] [28] were considered to have a low risk of both detection bias and attrition bias ( Fig. 2A ). All five RCTs were of high quality, with more than 3 kinds of bias were in low risk according to the quality assessment ( Fig. 2B ). Of the six non-randomized studies [19, [29] [30] [31] [32] [33] , four [19, 29, 31, 32] were considered to be of high quality, with an assessment scores of ≥7 stars.
Antibiotic Prophylaxis vs No Prophylactic Antibiotics
Seven studies compared the effectiveness of use of antibiotic prophylaxis vs no use of antibiotic prophylaxis for preventing postoperative infections in URL [18, [26] [27] [28] [29] [30] 32] , and all prophylactic antibiotics in these studies were given preoperatively. Among these studies, five [18, [26] [27] [28] 32 ] used a single dose, while the other two [29, 30] included any dose of preoperative antibiotics administration.
Postoperative fUTIs in patients with and without antibiotic prophylaxis after URL were compared in five studies [18, [27] [28] [29] 32] . In preoperative antibiotic prophylaxis groups, the ratios of postoperative fUTI ranged from 0% to 10.7%, while in groups with no antibiotic prophylaxis the ratios were 0-5.9%. There was no significant heterogeneity among the five studies (I 2 = 23%, P = 0.27), and no significant difference was found in the risk of postoperative fUTIs between the two study groups (OR: 0.82, 95% CI 0.40-1.67; P = 0.59 [ Fig. 3] ). In subgroup analyses based on dose of antibiotics, no significant difference was found between groups using a single dose (OR: 0.37, 95% CI 0.13-1.06; P = 0.07) and those using any dose of preoperative antibiotics (OR: 1.43, 95% CI 0.54-3.77; P = 0.47). Subgroup analyses were also conducted according to study design and participants' ethnicity, and detailed results are shown in Table 3 . No significant difference was found in the risk of postoperative fUTIs among any of the subgroups.
Postoperative fever was compared in four studies [18, 26, 29, 30] between patients with and without antibiotic prophylaxis. Rates of postoperative fever in patients with and without antibiotic prophylaxis were 0-32.7% and 1.8-31.6%, respectively. In our meta-analysis, a significantly higher risk of postoperative fever was observed in the preoperative antibiotic prophylaxis group than in the no prophylactic antibiotics group (OR: 1.75, 95% CI 1.22-2.50; P = 0.002) without significant heterogeneity among included studies (I 2 = 25%, P = 0.26 [ Fig. 4] ). Similar significant associations were also found in subgroups of any dose of preoperative antibiotics, retrospective comparative study design and European populations ( Table 3 ).
The incidence rates of postoperative pyuria between two groups were compared in two studies [18, 27] , and the results of our meta-analysis showed that patients receiving a single dose of preoperative antibiotics had a significantly lower risk of pyuria after URL (OR: 0.42, 95% CI 0.25-0.69; P < 0.001 [ Fig. 5A] ). In addition, three studies [26] [27] [28] reported and compared the incidence rates of postoperative bacteriuria. Compared with no use of prophylactic antibiotics, a single dose of preoperative antibiotics was significantly associated with a lower risk of postoperative bacteriuria (OR: 0.25, 95% CI 0.11-0.58; P = 0.001 [ Fig. 5B] ).
Timing of a Single Dose of Antibiotic Prophylaxis
Three studies [27, 32, 33] evaluated the incidence of postoperative infections according to the time at which antibiotic prophylaxis was administered in patients undergoing URL. In these studies, 526 patients received a single dose of prophylactic antibiotics ≤1 h preoperatively, and 272 patients received a single dose >1 h preoperatively. In the meta-analysis, no significant differences were found in the risk of postoperative fUTI (OR: 0.93, 95% CI 0.20-4.34; P = 0.93), pyuria (OR: 0.81, 95% CI 0.41-1.59; P = 0.53) or bacteriuria (OR: 2.97, 95% CI 0. 35-25.35 ; P = 0.32) between the two groups (Fig. 6A) .
Single Preoperative Dose of Oral vs Intravenous Antibiotic Prophylaxis
The efficacy of different antibiotics administration routes in patients undergoing URL was compared in two studies [25, 27] . A total of 87 patients received a single dose of oral prophylactic antibiotics preoperatively, while in 145 patients the antibiotics administration route was intravenous (i.v.). The results of the meta-analysis indicated that the risk of fUTI after surgery was similar in these two groups (OR: 1.00, 95% CI 0.26-3.88; P = 1.00 [ Fig. 6B]) . Similar results were found for postoperative pyuria (OR: 1.24, 95% CI 0.63-2.43; P = 0.53) and bacteriuria (OR: 0.34, 95% CI 0.04-2.87; P = 0.32). 
Other Comparisons
Comparison of a single dose of preoperative antibiotics vs a single dose of preoperative antibiotics plus postoperative antibiotics was reported in one study [19] . No significant difference was detected in the incidence of postoperative fUTI between the two groups (OR: 0.44, 95% CI 0.08-2.54; P = 0.36). A single dose of preoperative antibiotics plus single vs multiple postoperative antibiotics were also compared in one study [31] , and no significant association was found in the risk of fUTI (OR: 0.98, 95% CI 0.06-16.12; P = 0.99) or bacteriuria (OR: 5.11, 95% CI 0.24-109.17; P = 0.30). Additionally, Sohn et al. [32] assessed the efficacy of a single dose of preoperative vs postoperative antibiotics in patients receiving URL. Similarly, they failed to observe a significant difference with regard to risk of postoperative fUTI (OR: 0.28, 95% CI 0.08-1.02; P = 0.05).
Publication Bias
No significant publication bias was detected through the inverted funnel plot visual inspection for all results in our meta-analysis.
Discussion
In the present systematic review and meta-analysis, we concluded that, although preoperative antibiotic prophylaxis did not lower the risk of postoperative fUTI, significantly reduced incidences of pyuria and bacteriuria after URL were observed among patients taking a single dose of antibiotics. In subgroup analyses based on varied strategies, no apparent differences were found. We suggest that a single oral dose of preoperative antibiotic prophylaxis be used in patients undergoing URL, but a detailed strategy needs to be confirmed in RCTs with a larger sample size and more rigorous study design.
Antibiotic prophylaxis in URL is still worthy of debate, but the general use of antibiotics in patients with a preoperative negative urine culture is recommended based on clinical experience and some guidelines [18] . The incidence of postoperative fUTI is relatively low if there is no evidence of infection before the operation [2] endoscopic intervention. The ureteroscope can act as a bridge over which a pathogen in the lower urinary tract can pass to the upper tract [28] , but the calculus in the urinary tract is itself closely associated with the bacteria that can cause infection. Some types of bacteria secrete materials that create crystals, forming more layers on the original stone which can harbour the bacteria. Once the calculus is broken, the bacteria are released and have the potential to invade the blood vessels [30] . Antibiotic prophylaxis is therefore applied widely and is highlighted in AUA and EAU guidelines in spite of insufficient strong evidence.
No significant difference in fUTI risk was detected between patients with and without antibiotic prophylaxis. This conclusion was similar to that drawn by Lo et al. [17] in their meta-analysis in 2015. They attributed their finding to the low incidence of fUTI and the small sample size in eligible studies. In our analysis, data in only four studies with 734 patients were combined for our analysis of the efficacy of a single-dose prophylactic antibiotic. This sample size was too small to reach a conclusion and studies with larger sample size are anticipated. In addition, we included 11 articles, of which only five were RCTs, and the fact that five of the studies included in our analysis were retrospective limits the validity of our results.
The study by Aghamir et al. [18] also indicated that a lack of antibiotic prophylaxis would not increase the risk of fUTI under conditions of strict sterility. Nevertheless, our metaanalysis showed that the incidence of pyuria and bacteriuria was significantly reduced by prophylactic antibiotics, both of which served as important surrogates of fUTI. A high concentration of bacteria from broken stones could penetrate the blood vessels as a result of the instillation pressure [34] , therefore, the presence of pyuria or bacteriuria should be taken into serious consideration. Hsieh et al. [27] drew the same conclusion, and stated that pyuria or bacteriuria should be regarded objectively on the basis of present studies and reviews.
With regard to the antibiotic prophylaxis strategy used in the studies included in the present review, a variety of aspects were considered, such as dose, administration route and type of antibiotic drug. We found that a single dose of antibiotics could significantly reduce the risk of pyuria or bacteriuria, which was supported by the study by Chew et al. [19] . Chew et al. found no difference in the incidence of fUTI between patients receiving single preoperative antibiotics and those who received both pre-and postoperative antibiotics. In the present study, we observed that i.v. antibiotic prophylaxis was not more effective than oral use in preventing the existence of pyuria or bacteriuria. Christiano et al. [25] focused on the antibiotics administration routes and drew the conclusion that a single oral dose was effective enough to prevent postoperative fUTI with less cost and simpler administration [25] . Although few studies compared different types of prophylactic antibiotics, fluoroquinolones are preferred by most clinicians and in EAU guidelines [2, 35] . Fluoroquinolones are absorbed quickly through the gastrointestinal tract and anchor efficiently to urological tissues [36] . They not only require a very short time to reach peak concentration in serum (30-120 min), but also have a broad antimicrobial spectrum, covering most common pathogens [35] .
Overuse and misuse of antibiotics increases drug resistance and the risk of opportunistic infection. Once a patient is infected with multiple resistant bacteria, such as MRSA, treatment becomes more challenging and this results in higher costs and a longer hospital stay [37] . Single-dose oral use of prophylactic antibiotics could be effective in preventing fUTI, and rare severe infections should be treated additionally when necessary.
As fever is an indication of fUTI, we examined this in our meta-analysis. We found that patients taking preoperative antibiotics had a higher incidence of fever than those who did not (OR: 1.75, 95% CI 1.22-2.50; P = 0.002). Four of the included studies assessed fever, one of which, the study by Pricop et al. [30] , contributed almost 50% to the total sample size and the results of this study with regard to fever were similar to ours. Postoperative fever is not always an indication of infection, but could be caused by chemically induced aseptic inflammation [28] . Aghamir et al. [18] also observed that the duration of fever in patients was short and that the fever did not lead to further complications [18] . The extent and duration of fever, therefore, should be taken into account in combination with other assessments such as urine culture. The finding of our meta-analysis was influenced by the study by Pricop et al. [30] to a great extent, and related observations were not sufficient to provide accurate evidence. Multicentre RCTs with larger samples are necessary and anticipated.
The present study had several limitations. First, only 11 studies met our inclusion criteria and five were RCTs. Five of the studies were retrospective, with a higher risk of bias. Second, the sample size was not large enough and these studies had a long time span, ranging from 1990 to 2016, during which the URL technique developed rapidly. Third, we did not conduct subgroup analysis based on URL technique such as semi-rigid and flexible ureteroscopes. Different methods might affect the incidence of fUTI, but to date there are no studies in which the methods are compared. Fourth, although patients in these studies had a preoperative negative urine culture, other confounding factors could also elevate the risk of postoperative fUTI; for example older age, nutritional deficiency, diabetes mellitus, smoking, obesity and long-term urinary obstruction. Only the study by Ramaswamy and Shah [31] excluded patients with possible risk factors to reduce potential bias. All the above shortcomings limit the application of our conclusions in clinical practice.
In conclusion, we found that preoperative antibiotic prophylaxis did not reduce the risk of postoperative fUTI, but a significantly reduced incidence of pyuria or bacteriuria after URL was observed among patients receiving a single dose of preoperative antibiotic prophylaxis in patients undergoing URL. A single oral dose of preventive antibiotics is preferred because of its cost-effectiveness. Assessment of the efficacy of different types of antibiotics and other strategies could not be carried out in our meta-analysis. We recommend a single dose of oral preoperative antibiotic prophylaxis in patients undergoing URL, and conclude that more RCTs with larger sample sizes and more rigorous study design are needed to further investigate our results.
